SLIDER FLY-HEIGHT MEASUREMENT USING VISCOELASTIC 

MATERIAL 



Field of the Invention 

The invention relates to methods for measuring the flying height of sliders for use in 
magnetic storage devices. 

Background of the Invention 

in a typical prior art magnetic disk recording system a slider containing magnetic 
transducers for reading and writing magnetic transitions is urged toward the rotating disk by 
a suspension. An air-bearing develops under the slider and causes it to fly. The term "fly- 
height" and air-bearing height will be used interchangeably herein. 

A slider fly-height of less than 10nm is required for areal densities of 60Gb/in2 and 
greater. To reach the 1Tb/in^ mark, fly-heights in the 2-3 nm range are needed. 
Accordingly, It is becoming increasingly difficult to measure the actual fly-height of sliders. 
The most common technique using white light interferometry works adequately for a fly- 
height above 10nm, but it looses accuracy below 10nm. In addition, it is very sensitive to 
the optical constants of the slider overcoat. Another technique uses small solid bumps of 
known height on the disk and measures the acoustic emissions as the slider passes over or 
hits the bumps. Since It is impractical to make bumps below 5nm in height, this particular 
technique looses accuracy for very small fly-heights. 

In published U.S. patent application 20030067698 (April 10, 2003) by Dakroub, et al. 
a method is described for measuring the fly-height of a slider using a fixed source write 
signal applied to an inductive element of the write head, generating a magnetic field with a 
stray magnetic field portion. A magnetoresistive element of the read head coupled with the 
magnetic field produces an initial field strength signal. As the disk rotates, the slider flies 
above the disk decreasing the density of the stray magnetic field portion, thereby, 
decreasing the amplitude of the field strength signal. The decreasing amplitude of the field 
strength signal is calibrated to a predetermined operating fly-height profile to conelate fly- 
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height of the slider to the decreasing amplitude of the field strength field. 

A method for measuring the fly-height of a slider using a thermal source and a 
thermal detector is described in published U.S. patent application 20030058559 (March 27, 
2003) by Brand, et al. 

A laser diode generates light which is reflected off of the disk to a semiconductor 
laser light detector in the system described in published U.S. patent application 
20030007279 (January 9, 2003) by Johnson, et al. 

In published U.S. patent application 20020176185 (November 28, 2002) Fayeulle, 
et al., a method for measuring the fly-height of a slider using a disk with radial grooves in 
the surface is described. As the disk rotates, the radial grooves pass under the slider and 
induce a perturbation in the signal. By measuring the perturbations in the signal caused by 
the grooves in the disk surface, and by processing the measurement signal, a vertical 
spacing signal proportional to the vertical spacing between the disk and the head can be 
obtained. 

in published U.S. patent application 20020071196 (June 13, 2002) by Chapin, et al., 
the fly-height detector apparatus comprises a receiver circuit for measuring the frequency 
of the read/write head; a means perturbing the gap between the read/write head and the 
data storage surface to invoke a dynamic response in the read/write head; and a processor 
circuit responsive to the receiver circuit to derive a fly-height in relation to the dynamic 
response frequency. The processor circuit comprises a memory in which is stored a 
numerical model describing a functional interrelationship between the fly-height and the 
read/write head frequency. 

In published U.S. patent application 20020097517 (July 25, 2002) by Benin, et al., a 
slider is described with a field emission sensor that senses fly-height. The sensor has an 
electrode tip disposed on the slider. The electrode tip faces a media surface across a gap. 
The sensor conducts a tunneling current through the gap and provides an output 
representing the length of the gap. 

Published U.S. patent application 20020001151 January 3, 2002 by, J. H. Lake 
describes a system for measuring fly-height of a slider over a rotatable magnetic disk. The 
system determines the fly-height of the slider based on the measured pulse width and 
amplitude of the read back signal. 
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in published U.S. patent application 20010035960 (November 1, 2001) by M. M. 
Johnston a method is presented of fly-height testing using a light emitting diode which 
generates a light that is reflected off the medium and the slider. The reflected light is 
directed to detectors capable of generating an electrical signal based on the amplitude of at 
least one wavelength of light in the reflected light. A distance calculator then determines the 
distance from the slider to the medium based on the electrical signal. 
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Summary of the Invention 

A method is presented for measuring the height of an air-bearing separating a flying 
component from a rotating surface using physical deformation of a small amount of material 
deposited on the surface. One embodiment of the invention is a method of measuring the 
fly-height of a slider using physical deformation of material deposited on the disk Small 
amounts of the deformable material are placed on a limited area of the disk so that the 
slider's normal flight is unaltered. The slider's fly-height is established over the unaltered 
portion of the disk, then the slider impacts the deformable material. This process will result 
in the deformable material being flattened or removed above the fly-height of the slider. The 
height of remaining material is then measurable as the fly-height. The technique is 
extremely sensitivity at very low fly-heights and can achieve 0.01 nm accuracy for fly- 
heights in the 0.1-10nm range which is far better than the accuracy of prior art white light 
interferometry. 



Brief Description of the Figures 

Figure 1 is an illustration of a disk with a radial line of viscoelastic material applied 
according to the invention. 

Figure 2 is an illustration of the effects of slider flying over a section of a line of viscoelastic 
material applied according to the invention. 

Figure 3 is a graph of experimental data comparing the known fly-height of three sliders 
versus the height of the viscoelastic material over which the slider has been flown. 

Figure 4 is a flowchart of the steps in an embodiment of the method of the invention. 
Detailed Description of the invention and the Preferred Embodiments 

The invention is preferably implemented using a test setup which simulates a disk 
drive for fly-height testing. The method of the invention is useful for testing sliders during 
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design or manufacturing. Testing of the fly-heiglit of sliders during a design pliase or 
during manufacturing is typically done after the slider has been integrated into a 
suspension. The method of the invention is nondestructive, so slider assembly (typically 
called the head-gimbal assembly - HGA) can be used in a completed disk drive after 
testing. The disks and sliders used in the measurements can be cleaned by rinsing with a 
suitable solvent. Although use of the method In a completed disk drive is feasible, It vi^uld 
probably be destructive. The preferred defomnable material is a soft viscoelastic material 
such as non-functionalized Fomblin Z lubricant with a molecular weight of about 10k 
Daltons. Fomblin Z is commercially available from Solvay Solexis, Inc. It is based on a 
linear perfluoropolyether backbone. The functionalized versions of the "Z" lube are end 
capped with two functional groups specifically designed to have a strong interaction with 
the disk surface. The structure with end caps X is given by Solvay Solexis as X-CF2-O- 
(CF2-CF2-O) p-(CF20) q-CF2-X. The functionalized Z-DOL Is commonly used a lubricant on 
disks. The thickness of Z-DOL on the disk is approximately 1 nm which Is below the fly- 
heights that currently are being studied. In addition, the functionalized Z-DOL will attract 
moisture which lowers the viscoelasticity and makes It unusable for measuring a fly-height. 
The non-functionalized "Z" lubricant will spinout to a thickness of several tens of 
nanometers which will allow a reasonable target range of fly-heights to be measured and it 
maintains the desired viscoelasticity. Measurement of fly-heights in various ranges will 
require viscoelastic materials that are adapted to that range. The "Z" lubricant clearly 
cannot be used to measure a fly-height that Is greater than Its final thickness on the disk. 

Figure 1 1llustrates the preparation of the disk 20 for the fly-height measurement. 
Figure 4 gives a flowchart of the method steps. A small drop of the viscoelastic material is 
placed at a selected location 22 on the flyable area of the disk 20 while the disk is 
stationary in order to produce a small dot of material 41 . The amount of viscoelastic 
material in the spot is not critical; therefore, a simple technique such as dipping a 10 mil 
wire in the material and touching the wire to the disk surface can be used. Normal 
variations in the amount of material In the dot will not result In variations In the final film 
thickness. After the dot of material Is applied, the disk is then rotated at a speed which is 
high enough to drive the viscoelastic material outward along a radial line toward the outer- 
diameter (OD) 42. For the Fomblin Z lubricant spinning the disk at 10k RPM for a few 
minutes will drive the drop firom the inner-diameter (ID) to the OD, leaving a narrow trail 
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several tens of nanometers high to form a streak or ridge 21 in the path of the slider. 

The next step in the test procedure is to fly the slider over the disk in the normal 
manner. The suspension urges the slider toward the surface of the rotating disk and the 
air-bearing develops due to the relative velocity in the normal manner. The fly-height is 
related to the speed of rotation, so disk rotation rate should be close to the selected rate at 
which the slider will function in a completed disk drive. The speed of rotation for flying the 
slider can be different than the speed needed to force the dot of viscoelastic material 
toward the OD. 

Preferably the streak of viscoelastic material is long enough that the slider can be 
flown over one section while leaving the rest undisturbed 43. The test fixture preferably 
removes (unloads) the slider from the disk. Although the details of how and where the 
slider is flown are not critical to success and many different procedures can used, one 
especially preferred procedure will be described. The slider is loaded onto the disk surface 
near the OD while the disk is rotating. The slider is allowed to stabilize its flight. The slider 
is then moved in toward the ID of the disk to a selected track where the slider is flown for a 
few seconds adjacent to the undisturbed portion of the streak. The slider is then unloaded. 
This procedure leaves an inner portion of the ridge of viscoelastic material undisturbed and 
creates a crisp transition to the flatten material at a know location. The loading process 
creates a certain amount of turbulence, so the preferred process also avoids using the 
loading area for the measurement. 

Figure 2 is an illustration of the effects of slider flying over a section of a line of 
viscoelastic material 21 . The slider is very large in comparison the nanometer range fly- 
height. Sliders are, of course, being made smaller over time, but a realistic width of a slider 
presently could be 1 mm. Current slider designs fly with the trailing edge nearest to the 
disk. Therefore, the front edge of the typical slider will clear the ridge of deformable 
material 10's of nanometers high by a relatively large margin. The trailing edge of the slider 
will Impact the streak and after sufficient revolutions, the streak will have a flattened portion 
23. It is preferable that a measurable portion of the ridge be left undisturt>ed as a control. 
The ridge in Figure 2 is illustrated as a rectilinear solid for convenience, but the actual form 
of the viscoelastic material will be a rounded low mound which is much wider than it is high. 
Likewise the transition between the undisturbed portion of the ridge and the flattened 
portion will not be as crisp as shown. Nevertheless, the difference in height between the 

6 HSJ920030146US1 



disk surface, the flatten ridge and the undisturbed ridge can be readily and accurately 
measured to 0.01 nanometer accuracy. 

Once the selected portion of the ridge has been flattened to the fly-height level, the 
viscoelastic material will maintain the height for a reasonable time so long as it not 
subjected to undue disturbance. Optionally some way of fixing the material in a longer 
lasting state could be.used. For example, some lubricants are known to harden after „ 
exposure to ultraviolet light. 

Any available means can be used to measure height of the ridge 44. The 
applicants used a commercially available ellipsometer of the type made by Candela 
Instruments to measure the ridge height for three different experimental conditions. An 
atomic force microscope (AFM) or another form of profilometery could also conveniently be 
used. In order to test the measurement method, a slider with known linear speed/spacing 
characteristics was used at various RPMs to generate fly-heights of 2, 4 and 8 nm. The 
linear fly-height of the slider was independently determined at higher fly-height by 
interferometry and modeling was used to find the disk speeds corresponding to the lower 
fly-heights. The results of method of the invention are compared with the values predicted 
by the model in Figure 3. The method of the invention resulted in close agreement with the 
expected values for the three fly-heights. 

Alternative embodiments of the invention could use other ways to create structures 
of deformable viscoelastic material on the disk. Multiple streaks as described above can be 
used. Small droplets could be sprayed over the disk as an aerosol. Other feasible 
methods include generating ridges, mounds or smears of material of an appropriate height 
on a disk area through tribochemical, electrochemical, or triboelectrochemical means. All of 
these should work well, provided that viscosity of the deformable material is high enough to 
allow a sufficiently long measurement time window, but not so high so that the slider cannot 
easily deform it. 

The method of the invention has been described with respect to particular 
embodiments, but other uses and applications for the measurement techniques according 
to the invention will be apparent to those skilled in the art. 
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